Amendments to the Claims 

Please amend the claims, without prejudice, as follows, wherein underlining identifies 
added materia! and strikethroughs identify deleted material: 

Listing, of Claims : 

1 , (Currently Amended) A system for automatically orienting a spherical object using a 
reference indicium on the spherical object, comprising; 

(A) means for automatically locating and defining a position and two-dimensional 
orientation of the reference indicium; and 

(B) means for automatically orienting the spherical object by sequentially rotating the 
spherical object from the defined position and two-dimensional orientation determined by the 
automatic locating means through o erra it j pre determined - angles so that the reference 
indicium of the spherical object has a predetermined final position and two-dimensional 
orientation wherein a target point on the spherical object, which has a predetermined spatial 
relationship to the reference indicium, is positioned prepositioned for further processing, 

■ hcu nih< aui id i ,: ocas ng rnddelinyK £iiea!_is__coLnj)ijse; 

( 1 .). first and second locati ng work, station s, each of the ft rst an d second .Locating 
work, stations, having a axis of rotation and being operative to rotate the spherical 
object around the axi s of ro tati o n ; 

{ >) tra sposi cans convt. an the first and 

secsMJ^catiogworiL^ -iis.roMed 

ht'ough a .sjnj <. c t i h t ..-ower ;ho fir-.? -ax i 

locating work stations and l^eiwee 
orienting means, respecti vely ; 

i aj ni op.t !■- t it a t n t f - f he.s.phj icai o <u t ; 

each of the first and second locating work stations as the spherical object is 

a m. i i 1 v i of n^tati.on.of the ftr,«..a 1 - t id.J.fx tth • oil tati 
through at least one revolution, respectively; and 

0).Mcuj.atjng.meMS fo' processing the image of the spherical object generated at 
•!u first an 1 ; id i \ i . v >ri a. tion resp.eci el tojot j ! v m I it :ntij\ t 
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k'n > |n ti v. idtwp-di sipnaj ..pj pa f ?' miheiun nd 

determine angl es for rotation for the spherical object by the orienting means; 
leren i cajcujatjng im >: ;rat is i t < v 1 e i i *. >> i u spl encai.ol 
gs nerated at the firs? k at ng - »i1 station to identify a coarse position and two dimension 
>rie? don. oH !•. 'i ' i i j i ii locati ork. s pn.and ktermij i i >! < 

o n for t spj ricai >_bjt t at) it fij U apnp - < i 

tb< ' rsj [pea ing v\ oik station means is pp_erati_\ c to rot He the spl » ical Kcci about the 
dclcnvti-icd angl e to move the Spherical object fpa -v..'; >?ic; position at the first Ipcptrng work 

station; and. 

the transposing means i sj • 

locating work station wherein the spherical object is rotated through the single-degree of 
fieet \ iegrees.su thayii b 1 > <: i ' a Lfhe deiined po I u 1 
dimensional orientation on the equator of the spherical object at the second locating work station; 
whs iv n d;.; apt >m.a.t c - anting me; gs co n rises 

(I ) first, second, and third orienting work stations, each having an axis of rotation 
and being, op* t Uivc 1 ) seep enliaib rot it 1 e spl cue ti oh <. < ?h one oi the 
determined angles 

position and two-dimensional orientation at the first orienting work station to the 
predetermined final position and two-dint ensionaj prientati on 
orientating wo k sj igOO whereigihe .target.ppjnt on the spheri i\ object is 
positioned t* - fuithei piocessing. and 

> insppsing > i t i.vt i i ! , ric i < ) „t H' h o 

second an d secon d and thi rd pri eming yy ork s t ati on s i n su ch manner thai the 
spherical object is rotated through the single-degree of freedom by 90 degrees 

wet the first ..an.< . < v 1 q tin I iMlWPeg.ihe.sec< and 

third orienting work stations, respectively; 
wherein th e < c om prises: 

(1) a first .transposi ' hm'i puoulls mounted intermediate the first and 

secpnd.piientjng.work. stations.^ 

•! ; t i < i i > • < rk t it < to tip . i • t f i g ' p ! s u i , i such 
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m er ih r t] ;pj c < iject > n ii v ti egi ? c 1 <• t, m 

by 90 degrees; and 

< , secOT(ltran> n^: is ivotal hhj in ,r diatc i -l. >s d 

and thud i i i ■ ■ _ . u, \ e to convey the spherical object 

t ^ the s d orient) o >l t tu >j i • di 1 i . > - , <l ^ sj 

i i i < » 1 < + i i r t [ f t _ f , j c 

freedom by 90 degrees, and 

v 1 ■ ' ; .!,* i d r .ism - dt go e of freedom rotation provided by the transposing 
means between the first and second an^ 
with the axes oi m ofjhe fir&,..se^ 

the second local t ■ -..mon is equal to and functions as the first orienting work 
station; and 

the determined angles of rotation implemented by the first, second, and third orienting 
i > i ) i + t u > a j e j ult gl.es c )tatip.5 1 ti i pji u Id i i] 

degrees, and ,psi, respectively , 

2 - 3 (Canceled). 

4, (Currently Amended) The system of claim 2 JL wherein the 90 degrees single-degree of 
freedom rotation provided by the transposing means between the first and second locating work 
stations and the second locating work station and the orienting means is coplanar with the axes of 
rotation of the first and second locating work stations. 

5. (Currently Amended) The system of claim 2 JL wherein the imaging system comprises: 
a first imaging means having an image axis perpendicular to the spherical object at the 

first locating work station, 

a second imaging means having an image axis perpendicular to the spherical object at the 
second locating work station; and 

wherein the first and second imaging means are operative to generate the image of the 
spherical object at the first and second locating work stations, respectively. 
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6 (Currently Amended) The system of claim 1 wherein the imaging system comprises: 

a single line sensor c amera havi ng an Jmagi y <i t.^mgmeaH, 

a first set of mirrors aligned to capture the image of the spherical object at the first 

locating work station for the single hut, m i i ■> i ( + 

a second set of minors aligned to capture the image of the spherical object at the second 

locating work station for the single rs« i ra imaging-tnean^ 

w Here the single Sine \ n , t-iagmg weans i s operative, using the first and 

second set of aligned mirrors, to generate the image of the spherical object at the first and second 

locating work stations, respectrvely^and wheiein the fust and second set of aligned mirrors 

ppMtipfi the axi s of rotation of the fir s^ 

spherical object on the imaging axis of the line sensor camera . 

7-9 (Canceled). 

10, (Currently Amended) A system for automatically orienting a spherical object using a 
reference indicium on the spherical object, comprising: 

first and second locating work stations each having an axis of rotation and operative to 
rotate the spherical object about the axis of rotation; 

first, second, and third orienting work stations each having an axis of rotation and 
operative to rotate the spherical object about the axis of rotation through a determined 
predetermined angle of rotation so that the reference indicium at the third orienting work station 
has a predetermined final position and two-dimensional orientation wherein a target point on the 
spherical object, which has a predetermined spatial relationship to the reference indicium, is 
positioned pr-< pe< • ened for further processing; 

transposing means for conveying the spherical object between the locating work stations 
and between the orienting work stations in such manner that the spherical object is rotated 
through a - i ee of freedom by 90 degrees each time the spherical object is conveyed 

between adjacent work stations, respectively; 

an imaging system operative to generate an image of the spherical object at each of the 
first and second locating work stations as the spherical object is rotated about the axis of rotation 
of the first and second locating work stations, respectively; and 
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calculating means for processing the images of the spherical object generated at the first 
and second locating work stations to locate and identify a defined position and two-dimensional 
orientation of the reference indicium at. the second >cati station a cj mine the 

predetermined angles of rotation for the spherical object at the first, second, and third orienting 
work stations whc t lere sm i mis rotated from the defined position and two- 

dimensional orientation at the first orienting work station to the predetermined final position and 
two-dimensional orientation at the third orienting work station so that the target point is 
positioned prepesitioned for further processing; wherein: 

the second locating work station is equal to and. functions as the first orienting work 

station; 

the first orienting work station is operative to rotate the spherical object through one of 
iet v> oflrotati latj t r t 1 5 t n I th \ lu 

moved from the defined position and two-dimensional orientation at the first orienting work 
ration to ..a first reference posih on v. vo-dirnen ona| orienn 01 i the first n ting or] 
station; and wherein 

the ii.-n .i- , f neari henoperaliyi ivt t phej i >bIecLfrpm .the.first 
Qriemingwprk station to the second on 

moved to a second reference position at the second orienting work station; and wherein 

the second i prietrting vyork stat i on is operative to rotate the spherical object through 

another of the determined angles of rotation such that the reference indicium of the spherical. 

1 tbe^ecpndj^feren^^ ! >,! a LJhe 

t i t- i i I t t i > t > i i it i 1 d oneritatioi? a 

second oi- .station and, wherein. 

the transposing means is then operative to convey the spherical object from the second 

orienting rk s i , ^ 1 . ting i' > ! i \ ej i n i \ f 

to a fourth reference position at the third orienting work station; and wherein 

the ths one i rj i iti ijsj)pe£a|b to i.rotate ths | *> f . 1 « • t thro tghyet 

another of the determined angles oj ro tioi such that the reference indicium of the spherical 

4 iS v i f I t) ' 1 t It! > I I ' fc t i It 5 I I 

-us ( . > nil imt! ickieiu sition c umn < i 
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ientatipii .at ihi . i i<\ »i . < f tj i t 1 u i t i 1 i < \* > i p.h [ec.t.s.s 
positi oned for furth er processing; and . 

i ( moth 'i f u t i 1 1 i i i wt k + i * i j i Ki i 1 > 
the first second, and third orienting work stations, respectively, comprise Euler angles of 
rptaugn...jhLjhm 

11. (Canceled), 

12. (Original) The system of claim 10 wherein the imaging system comprises: 

a first imaging means having an image axis perpendicular to the spherical object at the 
first locating work station; 

a second imaging means having an image axis perpendicular to the spherical object at the 
second locating work station; and 

wherein the first and second imaging means are operative to generate the image of the 
spherical object at the first and second locating work stations, respectively. 

13. (Currently Amended) The system of claim 10 wherein the imaging system 
comprises: 

a single imagingmeans line sensor camera h aving an imaging axis; 

a first set of mirrors aligned to capture the image of the spherical object at the first 
locating work station for the single H.M.sensgr..camera imaging^Heans, 

a second set of mirrors aligned to capture the image of the spherical object at the second 
locating work station for the single line sensor camera i-m-aging-means; 

wherein the single line sensor camera imaging means is operative, using the first and 
second set of aligned mirrors, to capture the image of the spherical object at the first and second 
locating work stations, respectively, and wherein the first and second set of aligned mirrors 
si.tion J i 4 ' 1 th i i * 1 u< [.object and v >f i ion.< econj 

spherical object on the tn' • of the line sensor camera. 

14. (Original ) The system of claim 10 wherein the 90 degrees single-degree of freedom 
rotation provided by the transposing means between the locating work stations and the first. 
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second, and third orienting work stations is copianar with the axes of rotation of the first and 
second locating work stations and the first, second, and third orienting work stations. 

15, (Currently Amended) The system of claim 10 11 wherein the transposing means 
comprises: 

a first transposing mechanism pivotaliy mounted intermediate the first and second 
locating work stations and operative to convey the spherical object from the first locating work 
station to the second locating work station in such manner that the spherical object is rotated 
through the single-degree of freedom by 90 degrees; and 

a second transposing mechanism pivotaliy mounted intermediate the first and second 
orienting work stations and operative to convey the spherical object from the first orienting work 
station to the second orienting work station in such manner that the spherical object is rotated 
through the single-degree of freedom by 90 degrees: and 

a third transposing mechanism pivotaliy mounted intermediate the second and third 
orienting work stations and operative to convey the spherical object from the second orienting 
work station to the third orienting work station in such manner that the spherical object is rotated 
through the single-degree of freedom by 90 degrees 4 

16. (Original) The system of clai m 1 5 wherein the 90 degrees single-degree of freedom 
rotation provided by the transposing means between the first and second locating work stations, 
the first and second orienting work stations, and the second and third orienting work stations is 
copianar with the axes of rotation of the locating work stations and the orienting work stations. 

17-21. (Canceled) 

22. (Currently Amended) The system of claim 10 wherein 

the calculating means is operative to process the image of the spherical object generated 
at the first locating work station to identify a coarse position and two-dimensional orientation of 
the reference indicium at the first locating work station and to determine an angle of rotation for 
the spherical object at the first locating work station; and wherein 
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the first locating work station is operative to rotate the spherical object through the 
determined predetermined angle wherein the reference indicium is moved from the defined 
coarse position and two-dimensional orientation to a second defined position and two- 
dimensional orientation at the first locating work station; and wherein 

the transposing means is operative to convey the spherical object from the first locating 
work station to the second locating work station wherein the spherical object is rotated through a 
single-degree of freedom by 90 degrees such that the reference indicium of the spherical object is 
located at the defined position and two-dimensional orientation at the second locating work 
station. 

23 - 24 (Canceled). 

25, (Currently Amended) A method of automatically orienting a spherical object using a 
reference indicium on the spherical object so that a target, point, which has a predetermined 
spatial relationship with the reference indicium, is positioned preposi-tioned for further 
processing, cornpri sing the st e ps of : 

locati ng and defining a position and two-dimensional orientation of the reference 
indicium on the spherical object; 

calculating, based on the defined position and two-dimensional orientation of the 
reference indicium, predetermined angles of rotation for the spherical object to move the 
reference indicium from the defined position and two-dimensional orientation to the 
predetermined final position and two-dimensional orientation; 

rotating the spherical object at a first orienting work station through one of the calculated 
predetermined angles of rotation to move the reference indicium from the predefined position 
and two-dimensional orientation to a fust reference position and orientation at the first orienting 
work station; 

conveying the spherical object from the first orienting work station to a second orienting 
work station in a manner such that the spherical object is rotated through a single-degree of 
freedom by 90 degrees wherein the reference indicium is at a. second reference position and two- 
dimensional orientation at the second orienting work station; 
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rotating the spherical object at the second orienting work station through another of the 
calculated p redetermined angles of rotation to move the reference indicium from the second 
reference position and two-dimensional orientation to a third reference position and two- 
dimensional orientation at the second orienting work station; 

conveying the spherical object from the second orienting work station to a third orienting 
work station in a manner such that the spherical object is rotated through a single degree of 
freedom by 90 degrees wherein the reference indicium is at a fourth reference position and two- 
dimensional orientation at the third orienting work station; and 

rotating the spherical object at the third orienting work station through yet another of the 
i cu .« t i ma en t nmed angles oi rotation to move the reference indicium from the fourth 
reference position and two-dimensional orientation to the predetermined final position and two- 
dimensional orientation at the third orienting work station wherein the target point is posi tioned 
^r e posit i on e d for further processing; 

■ i !i;e k .ii i.. ed angl . xu 

comprise Enter angles of rotation .phi, .theta plus an addi tional 90 degrees, and .psk respectively 

26. (Currently Amended) The method of claim 25 wherein the step of locating the 
defined position and two-dimensional orientation of the reference indicium on the spherical 

providing the spherical object having a random position and two-dimensional orientation 
of the reference indicium at a first locating work station; 

imaging the spherical object at the first locating work station; 

determining a coarse position and two-dimensional orientation of the reference indicium 
using the generated image; 

calculating an angle of rotation for the spherical object at the first locating work station 
using the generated image; 

rotating the spherical object through the calculated angle of rotation to move the 
reference indicium from the coarse position and two-dimensional orientation to a second position 
and two-dimensional orientation at the first locating work station; 

conveying the spherical object from the first locating work station to a second locating 
work station in a manner such that the spherical object is rotated through a single-degree of 
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freedom by 90 degrees wherein the reference indicium is at the defined position and orientation 

at the second locating work station; 

imaging the spherical object at the second locating work station, and 

locating and defining the defined position and two-dimensional orientation of the 

reference indicium of the spherical object at the second locating work station using the generated 

image. 

27. (Currently Amended) A system for imaging the surface of a spherical object, 
comprising: 

a first work station having an axis of rotation and operative to rotate the spherical object 
about the axis of rotation, and wherein a plane of the spherical object perpendicular to the axis of 
rotation is defined as the rotational plane of the spherical object at the first work station; 

a second work station having an axis of rotation and operative to rotate the spherical 
object about the axis of rotation, and wherein a plane of the spherical object perpendicular to the 
axis of rotation is defined as the rotational plane of the spherical object at the second work 
station; 

transposing means for conveying the spherical object from the first work station to the 
second work station in such manner that the spherical object is rotated through a single degree of 
freedom by 90 degrees wherein the rotational plane of the spherical object at the first work 
w orki n g station is rotated through an angle of 90 degrees such that the rotational plane defined 
by the spherical object at the first work station is perpendicular to the rotational plane of the 
spherical object at the second work station; and 

an imaging system positioned and operative to generate an image of the surface of the 
spherical object at each of the first and second work stations; and wherein 

the imaging system is operative to generate a first image of the surface of the spherical 
object as the spherical object is rotated through at least one complete revolution about the axis of 
rotation of the first work station; and wherein 

the imaging system is operative to generate a second image of the surface of the spherical 
object as the spherical object is rotated through at least one complete revolution about the axis of 
rotation of the second work station; and 

the first and second work . stafi 
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28. (Original) The system of claim 27 wherein the imaging system comprises: 

a first imaging means having an image axis perpendicular to the spherical object at the 

first work station and operative to generate the first image of the surface of the spherical object; 

and 

a second imaging means having an image axis perpendicular to the spherical object at the 
second work station and operative to generate the second image of the surface of the spherical 
object, 

29 - 33 (Canceled). 
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